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(54) Optical recording apparatus, optical recording/reproducing method 

(57) An optical recording apparatus is provided in 
which the distance between the surface of a solid 
immersion lens and the optical recording medium can 

be maintained constant to prevent defocusing, whether 
the disk is rotating or not, even if scars or depressions 
exist in the surface of the medium, and which can record 
data a high density and which can be manufactured with 
ease. The apparatus comprises first optica! means for 
condensing light to be applied to an optical recording 
medium, second optical means interposed between the 
first optical means and the optical recording medium, for 
attaining a numerical aperture larger than the numerical 
aperture of the first optical means, and main control 
means for maintaining a predetermined distance 
between the second optical means and the recording 
medium, by utilizing a linear characteristic of an amount 
of light reflected from the optical recording medium in a 
near-field region provided between an end of the sec- 
ond optical means and the optical recording medium. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical s 
recording apparatus that can record data by applying 
light to a recording medium. More particularly, the 
invention relates to an optical recording apparatus 
which can record data signals at high density, which has 
an objective lens of a large numerical aperture and 10 
which is designed to record data signals with the objec- 
tive lens held at a short distance from the surface of an 
optical recording medium. The invention also relates to 
an optical recording/reproducing method in which data 
is recorded on and reproduced from an optical record- 15 
ing medium, while a specific distance is maintained 
between an objective lens of a large numerical aperture 
and the optical recording medium. 
[0002] A representative technique of recording and 
reproducing data by using near-field light is to use two 20 
lenses (hereinafter referred to as "two-group lens"). One 
of these lenses is a solid-immersion lens (SIL). The 
other of the lenses is a condensing lens. This technique 
has been devised to make a spot diameter even 
smaller thereby to meet the demand that data be 25 
recorded at high density on optical disks. The SIL is 
interposed between the condensing lens and an optical 
disk and provides numerical aperture larger than that of 
the condensing Jens. The SIL is a high-refractivity lens 
made by cutting a part of a spherical lens. It is posi- so 
tioned, with its spherical surface opposing the condens- 
ing lens and its other surface facing the optical 
recording medium. 

[0003] A near-field signal output by the SIL may be 
used to record data and reproduce data optically. To this 35 
end, two requirements must be fulfilled. First, the sur- 
face of the SIL and the optical recording medium must 
be reduced to a value (half the wavelength of the light or 
a shorter distance, or 200 nm or less in most cases) that 
serves to generate a near-field light beam and be main- 40 
tained at this value. Second, focus control must be 
achieved to set the spot of a condensed beam at a con- 
stant value on the optical recording medium. 
[0004] A representative technique employed in opti- 
cal recording apparatuses of this type is to use an air- 45 
bearing slider. A two-group lens is mounted on the air- 
bearing slider and the optical recording medium is 
rotated. A film of air is thereby formed between the opti- 
cal recording medium and the two-group lens mounted 
on the bearing. The two-group lens floats by virtue of 50 
the pressure of the film, maintaining a constant distance 
between the surface of the SIL and the optical recording 
medium. This technique is similar to the method used in 
magnetic recording to control the distance between the 
magnetic head and the recording medium. 55 
[0005] A lubricant may be applied to that surface of 
the optical recording medium that receives light, thereby 
increasing the focal depth. In this case, the focus can be 



stabilized even if the optical recording medium has 
depressions and projections at the surface or dusts 
exists on the surface of the medium in the distance con- 
trol achieved by the use of the above-mentioned air- 
bearing slider. 

[0006] These conventional techniques are disad- 
vantageous, however. First, in the method of using the 
air-bearing slider only, no active control is carried out 
against the external disturbance resulting from scars or 
depressions existing in the surface of the optica! record- 
ing medium, causing the possibility for defocusing. Fur- 
ther, the gap cannot be controlled unless the medium is 
rotated, making it impossible to accomplish focus con- 
trol. 

[0007] Secondly, in the method of applying a lubri- 
cant to the light-receiving surface of the optical record- 
ing medium, defocusing may occur place even if the 
focal depth is increased, as long as the optical medium 
has depressions and projections at the surface or dusts 
exists on the surface of the medium. Moreover, this 
method is inappropriate for disks having a photoresist 
coating, such as CDs and DVDs, because a lubricant is 
applied to the light-receiving surface of the optical 
recording medium. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The present invention has been made in 
view of the foregoing. The object of this invention is to 
provide an optical recording apparatus in which the dis- 
tance between the surface of SIL and the optical record- 
ing medium can be maintained constant to prevent 
defocusing, whether the disk is rotating or not, even if 
scars or depressions exist in the surface of the medium, 
and which can record data at high density, and which 
can be manufactured with ease. Another object of the 
invention is to provide an optical recording/reproducing 
method that can record data at high density. 
[0009] To achieve the first object, an optical record- 
ing apparatus according to the invention comprises: first 
optical means for condensing light to be applied to an 
optical recording medium, said first optical means hav- 
ing a numerical aperture; second optical means inter- 
posed between the first optica! means and the optical 
recording medium, for attaining a numerical aperture 
larger than the numerical aperture of the first optical 
means; and main control means for maintaining a pre- 
determined distance between the second optical means 
and the optical recording medium, by utilizing a linear 
characteristic of an amount of light reflected from the 
optica! recording medium in a near-field region provided 
between an end of the second optical means and the 
optical recording medium. 

[0010] The optical recording apparatus may further 
comprises means for setting a threshold value corre- 
sponding to the amount of the light reflected from the 
optical recording medium and a control target value fall- 
ing within the linear characteristic of the amount of light 
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reflected, and a sub-controi means for suppressing the 
influence of the amount of light reflected when the 
amount of light reflected is greater than the threshold 
value. In this case, the main control means or the sub- 
control means, or both are used in accordance with a 
relation the amount of light reflected has with the thresh- 
old value or the control target value. 
[001 1 ] To attain the second object, an optical 
recording/reproducing method according to the inven- 
tion comprises: a main control step of maintaining a pre- 
determined distance between second optical means 
and an optical recording medium by utilizing a linear 
characteristic of an amount of light reflected from the 
optical recording medium in a near-field region provided 
between an end of the second optical means and the 
optical recording medium, thereby to impart to the sec- 
ond optical means a numerical aperture larger than the 
numerical aperture of a first optical means, said second 
optical means having been interposed between the first 
optical means and the optical recording medium; a set- 
ting step of setting a threshold value for the amount of 
light reflected from the optical recording medium and a 
control target value falling within the within the linear 
characteristic of the amount of light reflected; and a sub- 
controi step of suppressing the influence of the amount 
of light reflected when the amount of light reflected is 
greater than the threshold value, in the method, the 
main control step or the sub-control step, or both are 
performed in accordance with a relation the amount of 
light reflected has with the threshold value or the control 
target value. 

[001 2] In the optical recording apparatus according 
to the present invention, a constant distance can be 
maintained between the objective lens and the optical 
recording medium, no matter whether the medium is 
rotating or not, while a near-field beam is emerging from 
the optical recording medium. The size of the light spot 
formed on the surface of the medium can thereby 
remain constant. It is therefore possible to record data 
on and reproduce data from optical disks by the use of 
a near-field light beam, in addition, stable focus control 
can be achieved, in spite of external disturbances. 
[001 3] Moreover, the present invention makes it 
possible to record data by the use of a near-field light 
beam in cutting machines that are designed to manu- 
facture DCs and DVDs. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0014] 

FIG. 1 is a block diagram illustrating an optical 
recording apparatus according to this invention: 
FIG. 2 is a diagram showing the optical head incor- 
porated in the optical recording apparatus; 
FIG. 3 is a graph representing the relation the dis- 
tance between an optical recording medium and 
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the surface of an SIL has with the amount of light 
reflected from the SIL; 

FIG. 4 is a block diagram of the focus controller pro- 
vided in the optical recording apparatus; 
s FIG. 5 is a diagram explaining the sequence of 

focus control performed in the optical recording 
apparatus; 

FIG. 6 is a flowchart explaining the sequence of 
operation that is effected in the optical recording 
10 apparatus before the focus control is carried out; 

FIG. 7 is a flowchart explaining the sequence of ini- 
tiating the focus control in the optical recording 
apparatus; 

FIG. 8 is a flowchart explaining the sequence of 
15 focus control, which is performed when an external 
disturbance is applied to the optical recording appa- 
ratus; 

FIG. 9 is a timing chart showing a signal set by the 
signal -setting section 2 used in the focus controller 

20 shown in FIG. 4; 

FIG. 10 is a timing chart depicting another type of a 
signal set by the signal-setting section 1 used in the 
focus controller shown in FIG. 4; and 
FIG. 11 is a graph representing how the mount of 

25 the light reflected from the optical recording 
medium changes if the medium has scars in its 
light-receiving surface. 

DETAILED DESCRIPTION OFTHE INVENTION 

30 

[0015] An embodiment of the present invention will 
be described, with reference to the accompanying draw- 
ings. It should be noted, however, that the invention is 
not limited to this embodiment. 

35 [001 6] FIG. 1 shows an optical recording appara- 
tus, i.e., an embodiment of the invention, which can use 
an optical recording/reproducing method according to 
the present invention. The embodiment is a so-called 
"cutting machine" that applies a laser beam modulated 

40 by data, onto a glass master disk coated with photore- 
sist, thereby to record the data on the glass master disk. 
[0017] A laser element 4 emits a recording laser 
beam LB1 , which is applied to an acoustic optical mod- 
ulator (AOM) 3 through an electro-optical modulator 

45 (EOM) 5, an analyzer 6 (i.e., polarizing plate) and a 
beam splitter (BS) 7. The AOM 3 modulates the laser 
beam LB1 in accordance with the digital data which a 
record signal generator 2 has generated from the data 
supplied from a data source 1 . 

50 [0018] The laser beam LB2 output from the AOM 3 
is applied to a collimator lens 1 1 , which converts the 
beam LB2 to a parallel beam. The parallel beam is 
applied to a quarter-wave plate 13 via a beam splitter 
(PBS) 12. 

55 [0019] The modulated laser beam LB2 passes 
through the quarter- wave plate 13 and is converted to a 
circularly polarized beam. This beam is applied to the 
glass master disk 15, forming a beam spot thereon. A 
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focus controller 20 controls an optical head 14, thereby 
the focusing the beam on the glass master disk 15. 
Thus, the distance between the head 14 and the glass 
master disk 15 is maintained constant. 
[0020] The laser beam LBS incident on the optical 5 
head 14 forms a light spot on the glass master disk 15 
coated with photoresist. The light spot has its diameter 
set to a specific value by means of focus control. Using 
the light spot, cutting is performed on the resist-coated 
glass master disk 15 in accordance with the data to be 10 
recorded. 

[0021] A laser beam LB4, which is a part of the 
laser beam emitted from the laser element 4, passes 
through the EOM 5, analyzer 6 and BS 7 and is 
detected by a photodetector (PD1 ) 8. The photodetector is 
8 converts the laser beam LB4 to an electric signal, 
which is input to an automatic power controller (APC) 9. 
Namely, the value of the electric signal is fed back to the 
EOM 5, whereby the power to the laser element 4 is 
controlled to a constant value. Thus, the amount of light 20 
remains constant at the maximum value 18 by means of 
an APC 9. 

[0022] In the meantime, the laser beam LBS 
reflected from the disk 1 5 and applied from the optical 
head 14 passes through the quarter- wave plate 13 and 25 
converted to a linear polarized beam. The linear polar- 
ized beam is applied via the PBS12 to a condensing 
lens 1 6, which outputs a beam LBS. The beam LBS is 
applied to a photodetector (PD2) 1 7, which detects the 
amount 19 of light reflected from the glass master disk so 
15. 

[0023] The focus controller 20 receives the maxi- 
mum amount 18 of light and the amount 19 of light 
reflected from the disk 15. The focus controller 20 gen- 
erates a reference signal from the maximum amount 18 35 
of light, i.e., the constant amount of light. The controller 
20 generates an optical-bead controlling voltage 21 
from the amount 19 of light reflected from the disk 15 
and applied from the optical head 14. The voltage 21 
will control the optical head 14 to maintain a constant 40 
distance between the head 14 and the disk 15, as will 
be later described in detail. 

[0024] The source of the reference signal is the 
maximum amount 18 of light, which remains constant. 
Nonetheless, a constant voltage source may be used 45 
instead, to generate the reference signal. 
[0025] FIG. 2 shows the optical head 14 incorpo- 
rated in the optical recording apparatus. The optical 
head 14 comprises two optical components. The first 
component is an aspherical iens 24. The second com- so 
ponent is a solid-immersion lens (SIL) 25. (Hereinafter, 
these lenses 24 and 25 will hereinafter referred to as 
"two-group lens.") The two-group lens is secured to a 
piezoelectric element 23. The laser beam LBS incident 
on the two-group lens is focused by the aspherical lens 55 
24 and then applied to the SIL 25. * 
[0026] The SIL 25 is one made by cutting a part 
from a spherical lens and has a high refractivity index. It 



is held and positioned, having its spherical surface 
opposing the aspherical iens 24 and its fiat surface 
opposing the glass master disk 15. Since the SIL 25 is 
interposed between the aspherical lens 24 and the 
glass master disk 15, the two-group lens can attain a 
numerical aperture greater than that of the aspherical 
lens 24. The optical head 14 can therefore form a light 
spot that is smaller than otherwise. This makes it possi- 
ble to record data at high density on the glass master 
disk 15. 

[0027] Of the light incident on the SIL 25, that part 
applied at an angle equal to or larger than the angle that 
causes total reflection is totally reflected in the SIL 25 
and does not emerge from the SIL 25. Nonetheless, 
evanescence coupling takes places when the SIL 25 
approaches the glass master disk 15, to a distance at 
which a near-field light beam is generated (generally, 
equal to or shorter than the wavelength of the light). A 
part of the light totally reflected therefore emerges to the 
glass master disk 15 as a near-field beam. Thus, a 
beam is applied to the disk 15 from within the SIL 25. A 
part of the near-field beam applied to the glass master 
disk 15 is reflected from the disk 15 and applied to the 
SIL 25. 

[0028] FIG. 3 represents the relation the distance 
between the glass master disk 15 and the SIL 25 has 
with the intensity of the laser beam LB3 detected by the 
PD(2) 17 (i.e., the amount (V) of light reflected from the 
disk 15). In the present embodiment, no near-field 
beams are generated and the light is totally reflected in 
the SIL 25 as long as the distance between the SIL 25 
and the disk 15 remains equal to or more than 200 nm. 
In this case, the intensity of the laser beam LBS remains 
constant. If the distance is less than 200 nm, however, 
the intensity of the beam LBS will decrease because a 
part of the light incident on the SIL 25 passes through 
the disk 15 as a near-field beam, if the SIL 25 contacts 
the glass master disk 15, ail light incident on the SIL 25 
will pass through the glass master disk 15. Hence, the 
intensity of the beam BL3 reflected from the disk 15 and 
applied from the SIL 25 will be zero (0.0). 
"0029] As can be understood from FIG. 3, the dis- 
tance between the disk 1 5 and the SIL 25 and the inten- 
sity of the laser beam LBS are directly related with each 
other, if the linear region of the relation is utilized, it will 
be easy to control the distance to a target value. 
[0030] In the present invention, the intensity (V) of 
the laser beam LBS reflected from the disk 15 and sup- 
plied from the SIL 25 is controlled to maintain a constant 
distance between the SIL 25 and the glass master disk 
15. The piezoelectric element 23, which can convert an 
electric signal to a displacement in the order of nanom- 
eters, is used as drive means for changing the distance 
between the SIL 25 and the disk 1 5. As shown in FIG. 2, 
the two-group lens is attached to the piezoelectric ele- 
ment 23. A control voltage 22 is applied to the piezoe- 
lectric element 23, which moves the two-group lens in 
accordance with the amount of the light reflected from 
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the disk 15. The distance between the SIL 25 and the 
disk 15 is thereby maintained constant. In this embodi- 
ment, the piezoelectric element 23 expands 12 nm 
when applied with 150 V. Thus, the SIL 25 approaches 
the glass master disk 15 when a voltage is applied to 
the piezoelectric element 23. 

[0031] The value detected by a position sensor that 
detects the distance between the SIL 25 and the disk 1 5 
may be applied to maintain that distance at a constant 
value. 

[0032] FIG. 4 depicts the internal structure of the 
focus controller 20. The focus controller 20 comprises a 
peak-holding circuit 44, a signal-correcting section 26, a 
signal-setting section (1) 40, a signal-setting section (2) 
42, a comparator 29, a sub-control section 37, a main 
control section 38, and a control-signal switching device 
42. The focus controller 20 receives the amount 1 9 of 
light from an input terminal IN1 and the maximum 
amount 18 of light from an input terminal IN2 and uses 
these amounts of light to accomplish focus control. A 
switching signal (1) 34 and a switching signal (2) 35 are 
supplied to the control-signal switching device 42. In 
accordance with these signals, the device 42 switches 
the signals supplied from the sub-control section 37 and 
main control section 36, thereby generating a control 
voltage 22 that will drive the piezoelectric element 23. 
[0033] FIG. 5 explains the sequence of focus con- 
trol performed by the focus controller 20. The focus con- 
troller 20 performs feedback control on the piezoelectric 
element 23 in accordance with the amount 19 of light 
applied from the SIL 25. A pre-processing section 36 
pre-processes the maximum amount 18 of light and the 
amount 19 of light before the feedback control is initi- 
ated, in order to render the amount 27 of light, cor- 
rected, equal to a target value 31. The focus control 
effected in the present embodiment will be explained, 
with reference to FIGS. 4 to 7. 

[0034] The pre-processing performed in the pre- 
processing section 36 will be described, with reference 
to the flowchart of FIG. 6. First, in Step S1 1 , the maxi- 
mum amount 1 8 of light, represented by a modulated 
record signal and the amount 19 of light applied from 
the SIL 25 are measured. 

[0035] in Step S12, the peak-holding circuit 44 
shown in FIG. 4 converts the amount 1 9 of light to a DC 
voltage. The circuit 44 can convert the amount 19 of 
light to a DC voltage even if the record signal is an EFM 
signal or a 1-7 modulated signal. Hence, the amount 1 9 
of light applied from the SIL 25 can be used as a control- 
led value. 

[0036] The maximum amount 18 is a DC voltage, 
too. Therefore, the amount 19 of light reflected from the 
disk 15 can be compared with the maximum amount 18 
if it is converted to a DC voltage. 

[0037] In step S13, the signal-correcting section 26 
corrects the amount 19 of light reflected, so that the 
amount 19 may become equal to the maximum amount 
18 of light while the SIL 25 remains at such distance 



from the disk 15 that no near-field beams are gener- 
ated. This makes it possible to compare the maximum 
amount 1 8 and the amount 19 on the same scale in 
terms of signal level. 

s [0038] In Step S14, it is determined whether or not 
the recording laser element 4 is operating normally. If 
the element 4 is operating normally, it emits a laser 
beam of a prescribed intensity under the control of the 
APC 9. When the recording laser element 4 assumes 

10 an unstable state, however, it can no longer be control- 
led by the APC 9 and its output power may become sta- 
ble and too small. If this happens, it becomes 
impossible to record data at all. When this abnormal 
condition takes place, the control system including the 

is sub-control section 37 and the main control section 38 
is stopped. The abnormal condition can be detected by 
comparing the maximum amount 18 of light with the 
threshold value T3 (33) set in the signal-setting section 
(2) 41 shown in FIG. 4. 

20 [0039] FIG. 9 is a timing chart showing a signal set 
by the signal-setting section 41 shown in FIG. 4. If the 
recording laser element 4 is operating normally, the cor- 
rected maximum amount 28 of light has a constant 
value larger than the threshold value T3 (33). If the laser 

25 element 4 is operating abnormally, the corrected maxi- 
mum amount 28 of light has a constant value smaller 
than the threshold value T3 (33). 

[0040] It the recording laser element 4 is operating 
normally, the operation goes to Step S15. In Step S15, 
so a thresnold value T1 and a control target value 31 are 
set in accordance with the corrected maximum amount 
28 of light. 

[0041] The threshold value T1 is greater than the 
control target value 31 . That is, T1 > control target 

35 value. The threshold value T1 is independent of the 
threshold value T3 from which it is determined whether 
the recording laser element 4 is operating abnormally or 
not. The source of the threshold value T1 is the maxi- 
mum amount 18 of light, which is constant, instead, a 

40 constant voltage source may be used to generate the 
threshold value T1. 

[0042] FIG. 10 is a timing chart depicting a signal 
set by the signal-setting section 40 shown in FIG. 4. The 
corrected maximum amount 28 of light is constant if the 

45 recording laser element 4 is operating normally. There- 
fore, the threshold value T1 and the control target value 
31 are generated in accordance with the corrected max- 
imum amount 28 in the present embodiment. The 
threshold value T1 and the control target value 31 may 

so be generated from a constant voltage. 

[0043] Thus far described is the pre-processing that 
is performed before the optical recording apparatus 
according to the invention starts the effecting focus con- 
trol. 

55 [0044] Upon completion of the pre-processing, a 
control loop starts operating. FIG. 7 shows the 
sequence of initiating the focus control in the optical 
recording apparatus. More precisely, FIG. 7 shows how 
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the corrected amount 27 of light is rendered equal the 
target value 31 . 

[0045] First, in Step S21, the comparator 29 com- 
pares the corrected amount 27 of light reflected and the 
threshold value T1 . if the corrected amount 27 is greater 
than the threshold value T1 , it is known that the SIL 25 
is so distant from the glass master disk 15 that no near- 
field beams are generated. In this case, comparator 29 
generates a switching signal (1) 34, which is supplied to 
the control-signal switching device 42. In response to 
the signal 34, the device 42 selects and outputs the con- 
trol signal supplied from the sub-control section 37. 
Thus, in Step S22, the sub-control section 37 controls 
the piezoelectric element 23. To state more specifically, 
the sub-control section 37 increases the voltage applied 
to the piezoelectric element 23 at a low rate, thereby 
moving the SIL 25 toward the glass master disk 15 until 
a near-field beam emerges from the glass master disk 
15. 

[0046] The piezoelectric element 23 moves the SIL 
25 toward the glass master disk 1 5 at such a speed that 
the SIL25 may not collide on the disk 15 due to an over- 
shoot. Note that such an overshoot is caused by the 
main control section 38 when the device 42 selects the 
control signal generated by the main controller 38 and 
supplies the same to the piezoelectric element 23. 
[0047] The sub-control section 37 is, for example, 
an integration circuit that has a relatively large time con- 
stant (about 1.0). 

[0048] When the corrected amount 27 of light 
reflected becomes smaller than the threshold value T1 , 
the control voltage the sub-control section 37 outputs at 
the time is held. In Step S23, the control-signal switch- 
ing device 42 selects the control signal output from the 
main control section 38. The main control section 38 
generates a control voltage that will eliminate the differ- 
ence between the control target value 31 and the cor- 
rected amount 27 of light reflected. The main control 
section 38 is, for example, a phase-compensating filter 
designed on the basis of a frequency response. 
[0049] The voltage generated by the sub-control 
section 37 is added to the output of the main control 
section 38. The sum of these voltages is applied to the 
piezoelectric element 23. The difference between the 
control target value 31 and the corrected amount 27 of 
light reflected is thereby eliminated, thus maintaining 
the constant distance between the SIL 25 and the glass 
master disk 1 5. 

[0050] The voltage output by the sub-control sec- 
tion 37 may be held throughout the control. Alterna- 
tively, the voltage may be copied into the main control 
section 38 and released therefrom when the device 42 
selects the control signal generated by the main control 
section 38. In this case, the piezoelectric element 23 is 
controlled by the main control section 38 only. 
[0051 ] How the corrected amount 27 of light is ren- 
dered equal the target value 31 has just been explained. 
Once the corrected amount 27 has been rendered 



equal the target value 31 , the main control section 38 
maintain a constant distance between the SIL 25 and 
the glass master disk 1 5. 

[0052] In practice, however, an external disturbance 

5 is applied to the feedback control loop. The external dis- 
turbance may result from defects such as scars or 
depressions made in the surface of the glass master 
disk 15. The focus control of this invention is effected in 
order to maintain a constant distance between the SIL 

10 25 and the glass mater disk 15, at which a near-field 
beam is generated. The distance falls in the order of 
nanometers. Hence, the focus control is more affected 
by defects such as scars or depression made in the sur- 
face of the disk 15 than the conventional focus control 

15 that is achieved in the order of microns. An external dis- 
turbance may cause the SIL 25 to collide with the glass 
master disk 15. It is therefore necessary to control the 
SIL 25 not to collide with the disk 15 even if an external 
disturbance is applied to the control loop. To this end, a 

20 control mechanism robust to external disturbances is 
employed to accomplish the focus control in the present 
invention. 

[0053] FIG. 8 explains the sequence of focus con- 
trol, which is performed when an external disturbance is 
25 applied to the feedback control loop. First, the corrected 
amount 27 of light reflected is compared with the thresh- 
old value T1 in Step S31 . 

[0054] FIG. 1 1 is a graph representing how the cor- 
rected mount 27 of the light reflected changes if the 

30 glass master disk 15 has scars in its surface. Even if the 
SIL 25 is controlled to maintain a constant distance 
between it and the glass master disk 15, the actual dis- 
tance is longer if the disk 15 has scars in its surface. 
Hence, the corrected amount 27 of light reflected from 

35 any scar increases as indicated by external distur- 
bances 45 and 46 shown in FIG. 1 1 . 
[0055] If the corrected amount 27 of light reflected 
increases to a value less than the threshold value T1 as 
in the case of the external disturbance 45, the main con- 

40 trol section 38 controls the corrected amount 27 to sup- 
press the influence of the external disturbance. 
[0058] If the corrected amount 27 of light reflected 
increases to a value greater than the threshold value T1 
as in the case of the external disturbance 46, not only 

45 the main control section 38 but also the sub-control sec- 
tion 37 controls the corrected amount 27 in Step S32. in 
this case, the influence of the external disturbance is 
suppressed quickly. 

[0057] More precisely, the control voltage of the 
so main control section 38 is held the moment the cor- 
rected amount 27 of light reflected surpasses the 
threshold value T1. While the corrected value 27 
remains greater than the threshold value T1 , the sub- 
control section 37 performs the control and the sum of 
55 the control voltages of the main control section 38 and 
sub-control section 37 is applied to the piezoelectric ele- 
ment 23. The influence of the external disturbances is 
thereby suppressed. 
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[0058] In the control sequence illustrated in FIG. 8, 
the sub-control section 37 is used in combination with 
the main control section 38 in the optical recording 
apparatus of the invention, only when the corrected 
amount 27 of light reflected surpasses the threshold 5 
value T1 . Hence, no excessive control is carried out 
against any external disturbance. The sub-control sec- 
tion 37 is a system that responds to an external distur- 
bance but slowly. The section 37 therefore would not 
respond to external disturbances that abruptly take 10 
place. 

[0059] Thus, the focus controller 20 can perform a 
stable focus control even if the glass master disk 1 5 has 
scars in its surface, not responding to abrupt external 
disturbances and effectively suppressing external dis- 15 
turbances that are greater than a reference disturbance. 

Claims 

1. An optical recording apparatus comprising: 20 

first optical means for condensing light to be 
applied to an optical recording medium, said 
first optical means having a numerical aper- 
ture; 25 

second optical means interposed between the 
first optical means and the optical recording 
medium, for attaining a numerical aperture 
larger than the numerical aperture of the first 30 
optical means; and 

main control means for maintaining a predeter- 
mined distance between the second optical 
means and the optical recording medium, by 35 
utilizing a linear characteristic of an amount of 
light reflected from the optical recording 
medium in a near-field region provided 
between an end of the second optical means 
and the optical recording medium. 40 

2. The optical recording apparatus according to claim 

1, which further comprises means for setting a 
threshold value corresponding to the amount of the 
light reflected from the optical recording medium 45 
and a control target value falling within the linear 
characteristic of the amount of light reflected, and a 
sub-control means for suppressing the influence of 

the amount of light reflected when the amount of 
light reflected is greater than the threshold value, so 
and in which the main control means or the sub- 
control means, or both are used in accordance with 
a relation the amount of light reflected has with the 
threshold value or the control target value. 

55 

3. The optica! recording apparatus according to claim 

2, wherein the sub-control means is used to main- 
tain the predetermined distance between the sec- 



ond optical means and the optical recording 
medium when the amount of the light reflected from 
the optical recording medium is greater than the 
threshold value after the second optical means 
starts performing focus control with respect to the 
optical recording medium and before the amount of 
light reflected becomes equal to the control target 
value. 

4. The optical recording apparatus according to claim 
2, wherein the main control section is used instead 
of the sub-control means to maintain the predeter- 
mined distance between the second optical means 
and the optical recording medium when the amount 
of the light reflected from the optical recording 
medium becomes smaller than the threshold value 
after the second optical means starts performing 
focus control with respect to the optical recording 
medium and before the amount of light reflected 
becomes equal to the control target value. 

5. The optical recording apparatus according to claim 
2, wherein both the main control section and the 
sub-control means are used to maintain the prede- 
termined distance between the second optical 
means and the optical recording medium when the 
amount of the light reflected from the optical record- 
ing medium becomes greater than the threshold 
value after the second optical means starts per- 
forming focus control with respect to the optical 
recording medium and the amount of light reflected 
becomes equal to the control target value. 

6. The optical recording apparatus according to claim 
5, wherein the amount of the light reflected from the 
optical recording medium becomes greater than the 
threshold value after the amount of light reflected 
becomes equal to the control target value, due to 
scars and depressions made in the surface of the 
optical recording medium. 

7. The optical recording apparatus according to claim 
1, which further comprises detecting means for 
detecting the intensity of light emitted from a light 
source, and in which the distance between the sec- 
ond optical means and the optical recording 
medium is prevented from changing to make the 
light emitted from the light source become a near- 
field light beam, irrespective of the operation of the 
main control means and sub-control means, when 
the intensity of the light detected by the detecting 
means is insufficient for recording data. 

8* The optical recording apparatus according to claim 
1 , wherein a piezoelectric element to which the first 
and second optical means are secured is used as 
drive means for changing the distance between the 
second optica! means and the optical recording 
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medium. 

9. An optical recording/reproducing method compris- 
ing: 

a main control step of maintaining a predeter- 
mined distance between second optical means 
and an optical recording medium by utilizing a 
linear characteristic of an amount of Sight 
reflected from the optical recording medium in 
a near-field region provided between an end of 
the second optical means and the optical 
recording medium, thereby to impart to the 
second optical means a numerical aperture 
larger than the numerical aperture of a first 
optical means, said second optical means hav- 
ing been interposed between the first optical 
means and the optical recording medium; 
a setting step of setting a threshold value for 
the amount of light reflected from the optical 
recording medium and a control target value 
falling within the within the linear characteristic 
of the amount of light reflected; and 
a sub-control step of suppressing the influence 
of the amount of light reflected when the 
amount of light reflected is greater than the 
threshold value, 

wherein the main control step or the sub-con- 
trol step, or both are performed in accordance 

with a relation the amount of light reflected has 
with the threshold value or the control target 
value. 

10. The optical recording/reproducing method accord- 
ing to claim 9, wherein the sub -control step is per- 
formed to maintain the predetermined distance 
between the second optical means and the optical 
recording medium when the amount of the light 
reflected from the optical recording medium is 
greater than the threshold value after the second 
optical means starts performing focus control with 
respect to the optical recording medium and before 
the amount of light reflected becomes equal to the 
control target value. 

11= The optical recording/reproducing method accord- 
ing to claim 9, wherein the main control step is per- 
formed instead of the sub-control step to maintain 
the predetermined distance between the second 
optical means and the optical recording medium 
when the amount of the light reflected from the opti- 
cal recording medium becomes smaller than the 
threshold value after the second optica! means 
starts performing focus control with respect to the 
optical recording medium and before the amount of 
light reflected becomes equal to the control target 
value. 



12. The optical recording/reproducing method accord- 
ing to claim 9, wherein both the main control step 
and the sub-control step are performed to maintain 
the predetermined distance between the second 

5 optical means and the optical recording medium 

when the amount of the light reflected from the opti- 
cal recording medium becomes greater than the 
threshold value after the second optical means 
starts performing focus control with respect to the 

w optical recording medium and the amount of light 
reflected becomes equal to the control target value. 

13. The optical recording/reproducing method accord- 
ing to claim 12, wherein the amount of the light 

15 reflected from the optical recording medium 
becomes greater than the threshold value after the 
amount of light reflected becomes equal to the con- 
trol target value, due to scars and depressions 
made in the surface of the optical recording 

20 medium. 

14. The optical recording/reproducing method accord- 
ing to claim 9, which further comprises a detecting 
step of detecting the intensity of light emitted from a 

25 light source, and in which the distance between the 
second optical means and the optical recording 
medium is prevented from changing to make the 
light emitted from the light source become a near- 
field light beam, irrespective of the main control 

so step and sub-control step, when the intensity of the 
light detected by the detecting means is insufficient 
for recording data. 
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